Background: Symptomatic dengue infection can be classified into 3 patterns based on their severity; dengue fever (DF), dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS). In clinical practice, the diagnosis and management are based on clinical findings and abnormal initial laboratory tests. We conducted the present study to explore a set of parameters, preferable routine, or at least easy to investigate, that could be used as indicators for dengue infection severity.
Introduction
Most of dengue infections are asymptomatic. Those with symptoms can be classified into 3 patterns, based on their severity; undifferentiated fever, dengue fever (DF) and dengue hemorrhagic fever (DHF) which if accompanied by shock, is called dengue shock syndrome (DSS) [1] .
In clinical practice, the diagnosis and management are based on clinical findings and abnormal initial laboratory tests [2] . Other laboratory tests may be requested to confirm case, as being used in research. These tests take several days to weeks for the results and are not used in routine practice. They are therefore used mainly for epidemiological purposes [3, 4] .
The causes of mortality in dengue infection are from prolonged shock, massive bleeding and fluid overload. The main problem leading to poor prognosis or death is not being diagnosed when presenting in critical conditions at the hospitals [5, 6] .
Clinical risks and laboratory tests have been studied to forecast the severity of infection. These included gender [7] , younger age [7] , presence of hepatomegaly [8] , abdominal pain [9] , lethargy, cold hands and feet [10] , abnormal bleeding episodes [11, 12] , obesity or over-weight (in children) [9, 13] , malnourishment [14] , type 2 dengue infection [13] , secondary infection [11] , presence of ascites [8] , plural effusion [8] , leucopenia (< 4,000/µL) [8] , thrombocytopenia [10] , hemo-concentration [11] , rising SGOT and/or SGPT [12, 15] , prolonged PTT [16] , prolonged PT [17] , positive Manuscript accepted for publication March 13, 2013 a of the D-dimer test [18] , and gallbladder wall thickening (measured by ultrasound) [19] . It is obvious that many parameters above are not used as routine practice in general hospitals. Many parameters require days to weeks for final reports. Some reports have very few sample sizes and some are descriptive or case series.
We conducted the present study to explore a set of parameters, preferable routine, or at least easy to investigate, that could be used as indicators for dengue infection severity. These indicators may be used to forecast dengue infection severity at the time the patients arrive at out-patient or emergency departments of the hospitals.
Materials and Methods

Patients
Three university-affiliated hospitals were selected to represent the study domain, one general hospital (in Kamphaeng Phet) and two referral hospitals (in Nakorn Sawan and in Uttaradit). Medical files of patients admitted between 2007 and 2010 were searched under the following ICD-10s; A90-Dengue fever, A91-Dengue hemorrhagic fever, and A910-Dengue hemorrhagic fever with shock.
Criteria for dengue severity
The severity of dengue infection is classified into different grades using modified WHO criteria [1] (Table 1) .
Prognostic indicators
Patient characteristics of interest included: 1). Demographic: gender and age; 2). Mode of Presentation: presence of hepatomegaly, headache, myalgia, vomiting, cough, abdominal pain, rash, pleural effusion, petechiae, and any bleeding episodes; 3). Hemodynamic: pulse pressure, SBP (systolic blood pressure), and DBP (diastolic blood pressure); 4). Hematological: hematocrit, hemoglobin, white cell count, lymphocytes, neutrophils, and platelet; 5). Biochemical: SGOT (serum glutamic oxaloacetic transaminase), SGPT (serum glutamic pyruvic transaminase), PT (prothrombin time), and PTT (partial thromboplastin time).
Data analysis
Different distribution of patient characteristics among the three severity categories (DF, DHF, and DSS) was analyzed by exact probability test, analysis of variance (ANOVA), or ANOVA by rank based on types of variables. Complete data were used to screen for selected important parameters. Significant parameters were analyzed by the multivariable polytomous logistic regression to identify a set of significant characteristics associated with severity. Multiple imputation techniques were applied to clinical variables with missing values in the last step of analysis.
Ethical approval
The study protocol was approved by The Research Ethics Outbound referral (n, %)
In hospital dead (n, %)
Committee, Faculty of Medicine, Chiang Mai University, and the research ethics committee of the three hospitals.
Results
There were 777 patients overall, 391 with DF, 296 with DHF, and 90 with DSS. By univariable analysis, the three severity groups were similar in gender, age, presence of vomiting, cough, rash and SBP. The characteristics that were different by severity categories were; hepatomegaly, headache, myalgia, abdominal pain, pleural effusion, petechiae, any bleeding episodes, SBP, pulse pressure, hematocrit, hemoglobin, white cell count, lymphocytes, neutrophils, platelet, SGOT, SGPT, PT, and PTT (Table 2) . Under multivariable polytomous logistic regression, characteristics that increased the risk of DHF were; age > 6 year (OR = 1.85), hepatomegaly (OR = 3.49), any bleeding episodes (OR = 1.43), white cell count > 5,000/µL (OR = 1.80), and platelet ≤ 100,000/µL (OR = 3.72). The characteristics that increase the risk of DSS were; hepatomegaly (OR = 43.44), any bleeding episodes (OR = 5.58), pulse pressure ≤ 20 mmHg (OR = 19.09), SBP < 90 mmHg (OR = 2.45), hematocrit > 40% (OR = 1.88), white cell count > 5,000/µL (OR = 2.36), and platelet ≤ 100,000/µL (OR = 10.60) ( Table  3 ).
Discussion
Demographic
Some previous studies reported more risk of shock and death in females [7, 20] , due to more health seeking behavior to traditional practitioners [21] . Immune responses in females may be more sensitive to cytokines secretion, affecting higher degree of plasma leakage [21, 22] . However, our study and one other study [23] did not find gender as a risk of dengue infection severity.
Patients > 6 years were at risk for DHF and DSS in some studies [8, 9] from many factors such as serological coverage and mutation [24] . It was observed that children < 10 years are more prone to increased vascular permeability, leading to shock [9, 22] .
Mode of presentation
Hepatomegaly was a strong risk factors in our study, similar to many studies in the past [10, 25] . Although moderate liver enlargement is a normal response to dengue infection [26] , it is more associated with DHF and DSS compared to DF [27, 28] .
Abdominal pain was reported as another prognostic factor [9, 10, 25] . It could be caused by gastrointestinal bleeding and/or hepatomegaly. Other studies proposed that during the shock or pre-shock state, blood supply to visceral organs was reduced causing tissue hypoxia followed by abdominal pain [9] . This was not found in our study and one other study [29] . Pleural effusion was reported in some studies [8, 12, 30, 31] , as it was found most commonly in dengue infection, associated with plasma leakage, leading to hypovolemic shock [1] . This was not found in our study.
In our and many studies, any bleeding episodes were also a prognostic factor [8, 11, 12] . This is associated with thrombocytopenia found in severe dengue infection. Platelet < 50,000/µL is associated with severe bleeding [32] . Bleeding may also caused by platelet dysfunction, vasculopathy and/or coagulopathy related to severe bleeding which may lead to death [33] . However some study did not find such relationship [9] .
Hemodynamic
As expected, SBP < 90 mmHg and pulse pressure ≤ 20 mmHg are prognostic factors for DSS [34, 35] . WHO has used lowered SBP or narrow pulse pressure as criteria to classify dengue infection into different severity grades [1] .
Hematological
Hematocrit > 40% is a prognostic factor for dengue infection severity particularly DSS, confirming the findings from many studies [10, 12, 28] . Vasculopathy in dengue infection causes increased vascular permeability, leading to hemoconcentration and shock [33, 36] . Hemo-concentration (hematocrit ≥ 20% of initial value) is one of the WHO criteria to diagnose DHF. Only few study reported no such association [8] .
Similar to many studies, platelet ≤ 100,000/µL increased the risk of severity [10, 17, 28] . Platelet decreased rapidly before patients enter the state of shock. WHO also used platelets to categorize dengue infection into DHF grade I-IV [1] . Low platelet was explained by bone marrow suppression and immune-response induced platelet destruction by liver and spleen [5, 33, 36] .
Some study concluded that white cell count > 5,000/µL is a prognostic factor for dengue severity [6, 15] while others found leucopenia [8, 12] . Normoleukocytosis or mild leukocytosis may be found in early dengue infection. When body temperature declines, most patients experienced leucopenia from bone marrow suppression [33] . Stress in accompanied with shock may somehow cause leukocytosis [6] .
Biochemical
Elevated liver enzymes (SGOT and SGPT) are known as prognostic factors for DSS [15, 37] . When liver cells are infected, SGOT level is higher than SGPT particularly in severe cases [36] . The averaged SGOT and SGPT are higher in DHF than in DF [2] . Prolonged PTT and prolonged PT are prognostic factors for DHF and DSS [16, 17] . However, the present study and one other study [11] did not find such association. Elevated liver enzymes, prolonged PT and prolonged PTT normally occur after shock [11] , which is too late to be used as prognostic indicators. Furthermore, SGOT, SGPT, PT, PTT are not routinely investigated in many hospitals, limiting their use in prognostic indicators.
Significant clinical parameters associated with severity of dengue infection may be used further in the development of a prognostic score, to forecast disease severity in patients suspected of dengue infection. If feasible, this forecasting may help early case management and reduce the overall morbidity and mortality.
Retrospective nature of the data limited its completeness of all clinical parameters of interests. However, we believe that information not investigated nor recorded in routine practice, are of limited values in perspectives of forecasting or prediction. With our relatively large sample size and multiple imputation techniques used for missing parameters, we believe that our results are likely to be valid.
Conclusions
The severity of dengue infection is significantly associated with some routine clinical parameters. These parameters may be used to develop a future scoring system to predict and manage dengue infection severity early in the course of the illness.
